This is a morphologic study of 41 cases of dextrocardia for the purpose of clarifying terminology and evaluating the clinical import of the morphologic data. Dextrocardias are classified as dextroversion, mirror-image dextrocardia, and mixed dextrocardia. When the atrial septum does not identifv the atria, it was found possible to make the presumptive diagnosis of dextroversion or mirror-image dextrocardia. The mutual relations of the visceral situs with the atrial situs, the presence or absence of splenic abnormalities, the type of dextrocardia, and the systemic and pulmonic venous return were investigated, as well as the type of complex that is characteristic of each type of dextrocardia. The most important morphologic data useful for clinical application were found to be the position of the aortic and pulmonic annuli, the course of the pulmonary trunk, the entry of the inferior and superior venae cavae, and the course of the anterior descending coronary artery.
Terminology
In this paper, the term dextrocardia signifies that the base-apex axis of the heart is directed to the right and caudally, due to an intrinsic developmental abnormality of this organ. This is in contrast with the term dextroposition, in which the cardiac base-apex axis may be oriented similarly as in dextrocardia or still points toward the left, but in which the heart is shifted to the right due to extracardiac pathologic states involving the diaphragm, lung, pleura, or other adjoining tissues. The term dextroversion refers to that type of dextrocardia in which the orientation of the chambers is such as would be obtained were the heart rotated or pivoted to the right along the horizontal plane with the atria as a fulcrum (fig. 1 ). The term mirror-image dextrocardia applies to that type of dextrocardia in which the orientation of the cardiac chambers is a mirror-image of that of a normally situated heart or levocardia (fig. 1 ). The term mixed dextrocardia applies to that type of dextrocardia in which the atria and ventricles do not correspond, that is, the atria are in "pivotal" position (see below), while the ventricles are in "mirror-image" (see below), or vice versa (fig. 1 ). The term situs will be used to indicate right-sidedness or left-sidedness and will refer only to viscera outside the heart and to the atria. Thus, viscera and atria in dextrocardia are either in situs solitus (normal position) visa-vis "left-sidedness" and "right-sidedness" or situs inversus. Organs of the chest and abdomen will be considered separately (situs thoracis and situs abdominalis). The term situs will not be used to refer to the ventricles or the entire heart since this type of reference is not necessary, and, in fact, is confusing in dextrocardia. The systemic venous return will be considered to be normal when it enters the morphologic right atrium, present on the right side in situs solitus and on the left side in situs inversus atria. Likewise, the pulmonary venous return will be considered to be normal when it enters the morphologic left atrium, present on the left side in situs solitus, and on the right side in situs inversus atria.* The term transposition in dextrocardia will pertain to exit of the arterial trunks from the morphologically wrong ventricles, or to an abnormal anteroposterior relationship of these vessels with the aortic orifice situated anterior to that of the pulmonary orifice, or to both. The point of reference of the position of the arterial trunks in dextrocardia with transposition will be the normal position of the arterial trunks in levocardia (normal position of the heart). The term inverted transposition will signify that, in addition to the disturbed anteroposterior position of the arterial trunks, there is abnormal lateral relationship; that is, the aorta lies to the left of the *The term "return" is not synonymous with the term "connection." There may be a normal venous return (in the definition given above), by way of an abnormal venous connection. Thus, in situs solitus the abdominal return may be by way of an azygos vein entering the superior vena cava draining into the morphologic right atrium. This is a normal venous return through an abnormal connection. The term "return" is used in this meaning throughout this pulmonary trunk. The term inversion will otherwise not be used in dextrocardia because of its confused implications.
Identification of Chambers
The criteria for identification of chambers have been dealt with previously. '6 In this work, only if septa were present and morphologically distinct, was a positive identity of the chambers made. Thus, chambers should be referred to according to both their morphology and their position ( fig. 1 ) .t In atria with a morphologically unidentifiable septum, a presumptive diagnosis of the atria was nevertheless made if the morphology of their appendages was typical of that of the right atrium and left atrium, and if their position was characteristic of 'pivotal' or "mirror-image" atria (see below). The normal morphologic right atrial appendage is a relatively broad structure with a wide mouth tIn this paper, if the chamber does not have the appellation "morphologic" before it, it is understood.
Circulation, Volume XXXVII, leading into the main atrial chamber, whereas the normal left atrial appendage is a tortuous, relatively small structure with a narrow mouth opening into the left atrium. By making a Circulation, Volume XXXVII, June 1968 diagnosis of "presumptive" right and left atria, we have included additional groups of "presumptive mirror-image dextrocardia" and "presumptive dextroversion" in the classification. In dextroversion, the interatrial septum was directed anteriorly and to the right, with the morphologic right atrium situated to the right and slightly posteriorly and the morphologic left atrium to the left and slightly anteriorly (pivotal atria) ( fig. 2 B and C) . The interventricular septum was directed anteriorly and to the right with the morphologic right ventricle situated to the right and posteriorly and the morphologic left ventricle to the left and anteriorly (pivotal ventricles) ( fig. 2 A and D). In spite of the somewhat posterior location of the right ventricle relative to that of the left ventricle, the right ventricular outflow tract was situated anterosuperiorly, whereas that of the left ventricle was located more posteriorly ( fig. 2 A) . All cases were accompanied by situs solitus viscera; none had splenic abnormalities. The systemic and pulmonary venous return were normal. In two cases, both without transposition of the great vessels, double superior venae cavae were present, with the left one entering the coronary sinus ( fig. 2 B) . Two cases with transposition complexes revealed juxtaposition of the atrial appendages ( fig. 3 B) . When there was no transposition, the aortic annulus was situated slightly to the left of, or, slightly to the right of, but always posterior to the pulmonary annulus ( fig. 2 A) . The ascending aorta then proceeded superiorly and to the left and arched over the left main bronchus to form a left aortic arch. The pulmonary trunk veered to the left almost horizontally and dipped posteriorly to the left of the ascending aorta to bifurcate into its two branches. As in normal levocardia, the pulmonary orifice was located at a more superior level than the aortic. When complete transposition of the great vessels was present, it was of the noninverted type. The aortic annulus, which now arose from the right ventricle, was thus superiorly located and was situated to the right and somewhat anterior to the pulmonary annulus ( fig. 3 B) . As in the cases without transposition, the ascending aorta proceeded to the left and posteriorly to form a left aortic arch ( fig. 3 B) . The anterior Circultion, VolIme XXXVIl, Jane 1968 Only one type of mixed dextrocardia was encountered in this series, that with the atria in pivotal position and the ventricles in mirrorimage ( fig. 4 A and B) . Thus, the morphologic Circulation, Volume XXXVII, June 1968 left atrium, situated to the left and slightly anteriorly to the morphologic right atrium, communicated by way of a tricuspid orifice, with the morphologic right ventricle present anteriorly and to the left. The morphologic right atrium, located to the right and slightly posteriorly, communicated by way of a mitral orifice with the morphologic left ventricle situated posteriorly and to the right. No case was found with the atria in mirror-image (see below) and the ventricles in pivotal transposition of varying degree (figs. 4 C and D and 5 A). Thus, the aortic annulus was situated anteriorly and slightly to the left of the base of the pulmonary trunk. The aorta then proceeded superiorly and to the left to form a left aortic arch in all cases except in the one case with asplenia. The anterior descending coronary artery emerged from the right side of the aorta in all cases (figs. 4 D and 5 A) in contrast to that in the previous group. The abdominal venous return was normal in all cases (in the meaning described above), although in one case (with absent inferior vena cava), the return was by way of an azygos vein continuing into a right superior vena cava; the hepatic veins entered the right atrium directly. The (right) superior vena cava likewise opened normally into the right atrium in all cases. In two, however, there was an additional left superior vena cava which opened directly into the left atrium. The pulmonary venous return was normal into the left atrium in all cases. In one, it was by way of a left superior vena cava. The pathologic complexes noted in this group are listed in table I (figs. 4 and 5). position. All cases, except one, were associated with situs solitus viscera. The only exceptional case had situs inversus abdominalis partialis and situs inversus thoracis. It also was associated with asplenia. All other cases had normal spleens.
All cases were associated with inverted
Mirror-Image Dextrocardia: Eight Cases
In this group, the morphologic right atrium and right ventricle were situated anteriorly and to the left of the corresponding morphologic left atrium and ventricle, which were situated posteriorly and to the right ( fig. 6 B and C) . In five cases, situs inversus of the abdomen and of the thorax was also present ( fig. 6 A) . In one case, the dextrocardia was associated with situs solitus abdominalis and bilobated lungs bilaterally; in another, with situs inversus abdominalis and situs solitus thoracis; and in a third with situs inversus abdominalis partialis and situs inversus thoracis. All three latter cases were without splenic abnormalities. Of the former five cases, two showed normal spleens, two had polysplenia, and one had an accessory spleen. Where there was no transposition, the aortic annulus was situated posteriorly, to the left of the pulmonic annulus, and at an inferior level. The ascending aorta arched over the right main bronchus to form a right aortic arch in all cases. The pulmonic annulus was situated anteriorly and to the right of the aortic. The pulmonary trunk then proceeded posteriorly to the right of the ascending aorta finally to bifurcate into its two main branches. Where there was some degree of transposition, it was of the inverted type in all cases, with the aortic orifice situated more anteriorly than without transposition and somewhat to the left of the pulmonary trunk ( fig. 6 A) , the anterior descending coronary artery being given off from the right side of the aorta. The abdominal venous return was normal (in the sense mentioned above) in all cases except in one, 6 ).
Presumptive Mirror-Image Dextrocardia: Eleven Cases
In these cases, the atrial septum was either absent or inadequate to permit definitive identification of the morphologic atria ( fig.   7 ). Yet the morphology of the atrial appendages and their position strongly suggested that their corresponding atria or portions of atria might be in mirror-image position. The ventricles were all clearly diagnosed as being in mirror-image ( fig. 7) .
All cases except one were associated with unusual visceral situs consisting of either discordance of the thoracic and abdominal viscera or partial situs inversus abdominalis and/or bilaterally nonlobated, bilobated, or trilobated lungs. The only exceptional case demonstrated situs solitus. All cases were associated with splenic abnormalities, such as asplenia, polysplenia, or bilobed spleens. In keeping with the mirror-image arrangement of the ventricles, the position of the great vessels, when transposition was present, was of the inverted type. When transposition was not present, the position of the pulmonary and aortic orifices was similar to that described in the preceding group, that is, the aortic annulus was to the left of and posterior to the pulmonary annulus.
In all cases except two, the abdominal venous return was normal if we assume the atria, whether divided or undivided, to be in mirror-image. In all cases except three, the superior vena caval return was normal if we again assume the atria to be in mirror-image. In two of the latter three exceptional cases, bilateral venae cavae were present, with the right one draining into the presumptive left atrium and the left one into the presumptive right atrium. In one case only, a right superior vena cava drained into a presumptive left atrial side of a common atrium. The pulmonary venous return was considerably disturbed. In five cases, it was normal, if we assume the atria to be in mirror-image. In three cases, with this same assumption, there was total, and in three other cases, partial anomalous pulmonary venous drainage. Four cases showed left aortic arch; the remainder presented a right aortic arch. The pathologic complexes found in this group are listed in table 1.
Circulation, Volume XXXVII, Presumptive Dextroversion (Fig. 8) In the one case in this category the atrial septum did not permit a differentiation of the atria. However, the morphology of the appendages suggested that the atria were pivotal. The ventricles were clearly pivotal. The systemic and pulmonary venous returns were normal, if we assumed the atria to be pivotal. In this unique case of partial transposition with pulmonary stenosis, the aorta was situated to the left of the pulmonary trunk, and hence the vessels were inverted despite pivotal ventricles. Further details of the case are given in table 1.
Dextrocardia (Type Undetermined): Seven Cases
In these cases, either the atria, or both the atria and the ventricles were undiagnosable. These were associated in all cases, except one, with asplenia, polysplenia, or bilobed spleens. There was either discordance of the abdominal with the thoracic situs, or partial situs inversus abdominalis and/or bilaterally nonlobated, or bilobated lungs. The abdominal venous return was either to the right or the left. The superior caval and pulmonary venous returns were either to the left or bilateral.
The pathologic complexes found in this group are listed in table 1.
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Discussion From the clinical point of view, the interrelationships between the various types of dextrocardia, on the one hand, and the situs of viscera, splenic abnormalities, systemic venous return, and arterial trunk position, on the other, are of great importance as was recently stressed by Van Praagh and associates,34 Rosenbaum, 39 Campbell and Deuchar,40 Shaher and associates42 and De la Cruz and associates.43 From our anatomic data, it is clear that dextroversion and mixed dextrocardia with "'pivotal" atria are associated with situs solitus viscera and that mirror-image dextrocardia is generally associated with situs inversus, if there are no splenic abnormalities. However, it should be emphasized that exceptions occur in mirror-image dextrocardia as in our three cases without splenic abnormalities, one case with situs solitus abdominalis and bilobed lungs (no. 19), one case with situs inversus abdominalis partialis and situs inversus thoracis (no. 22), and the third case with situs inversus abdominalis and situs solitus thoracis (no. 20). The first case comes very close to being an isolated mirror-image dextrocardia (no. 19) .
It is also clear that in the presence of asplenia, polysplenia, or bilobed spleen, situs specificity of the viscera and of the atria tends to be lost as stressed by Van Praagh and associates. 34 Hovever, it should be noted that splenic abnormalities may be encountered in cases with determined atria, both in mixed dextrocardia (no. 9) and in mirror-image dextrocardia (nos. 15, 18, and 21) . There are also occasional cases of discordant thoracoabdominal situs unaccompanied by any splenic abnormality (nos. 19 and 20) .
It may also be noted that when the atria are determined, the systemic abdominal and thoracic venous returns are generally normal, that is, into the morphologic right atrium.
Discordance between atria and abdominal venous return occurred in only one case, which also had polysplenia (no. 15). In the cases with situs solitus thoracis, the presence of a left superior vena cava opening directly into the left atrium, in addition to the normal right superior vena cava opening into the right atrium, was observed in two cases, both of which had no splenic abnormalities. In one of these (no. 8), the abdominal situs was solitus; in the other (no. 20), it was inversus. A right superior vena cava directly entering the left atrium, in addition to the normal left superior vena cava opening into the morphologic right atrium in situs inversus thoracis, was observed in two cases with splenic abnormality (nos. 9 and 15) . In this series, the pulmonary venous return entered the correct atrium, whenever the atrium was determined.
It would thus appear that in the absence of splenic abnormalities, the entry of the inferior vena cava and of a solitary superior vena cava generally identifies the position of the morphologic right atrium, perhaps more so than the situs of the abdominal organs. When both superior venae cavae are present, the left or right superior vena cava entering an atrium directly does not help identify the atrium.
It is of interest to note that, at least based on our material, the position of the aortic and pulmonic annuli in both dextroversion and mirror-image dextrocardia without transposition may be nearly similar in that the aortic annulus in some cases of dextroversion is situated posterior and to the left, and the pulmonary annulus, anterior and to the right as in mirror-image dextrocardia. Thus, in some instances no differentiation can be made between these two types of dextrocardia in this respect. However, the aortic orifice may be situated slightly to the right and posterior to the pulmonary orifice in dextroversion; this may constitute a point of differentiation in these cases.
The course of the pulmonary trunk also is quite different in the two conditions without transposition. The pulmonary trunk swings to the left horizontally and dips posteriorly to the left side of the aorta in dextroversion; in mirror-image dextrocardia, it passes to the right of the aorta posteriorly. To this may be added the angiocardiographic finding that the ascending aorta has its convexity directed to the right in dextroversion and to the left in mirror-image dextrocardia. In our data, the position of the anterior descending coronary artery is also a point of differentiation. In dextroversion, where the left ventricle is anterior and to the left, it emerges from the left side of the aorta. In mirror-image dextrocardia and in mixed dextrocardia with pivotal atria, where the left ventricle is posterior and to the right, the anterior descending coronary artery emerges from the right side of the aorta.
Hence, the question clinically as to whether the ventricles are in mirror-image position or in pivotal position in the absence of transposition is best indicated by the course of the pulmonary trunk and ascending aorta, as well as by that of the anterior descending coronary artery. Where there is transposition and both arterial orifices are open, the right or left sidedness of the aortic annulus vis-a-vis the pulmonary annulus indicates regular or inverted transposition, respectively, thereby in almost all cases revealing the position of the right and left ventricles as pointed out by Van Praagh and associates.34 However, where there is pulmonary atresia, the left sidedness of the aorta may not be apparent in inverted transposition, as the small pulmonary trunk is Circulation, Volume XXXVII, June 1968 hidden behind the aorta. In this respect, the convexity of the aorta may be of help in that it tends to be directed to the left in inverted transposition (that is, in mixed dextrocardia with pivotal atria), but to the right in the noninverted type (that is, in dextroversion with transposition).
Thus, the dictum of Geipel3 and Van Praagh and associates,34 that the abdominal visceral situs indicates the position of the atria is, in general, borne out by our data, but must not be slavishly followed, as pointed out by Shaher and associates42 and Campbell and Deuchar.40 Likewise, the dictum of Van Praagh and associates34 that the position of the semilunar ostia indicates the type of bulboventricular loop and hence the identity of the ventricles is true where there is transposition and both arterial trunks open into the heart. However, it may not hold where there is pulmonary atresia. Where there is no transposition, the position of the semilunar ostia may not be a reliable differentiating point between dextroversion and mirror-image dextrocardia. Here the position of the pulmonic trunk in relation to that of the aorta and the position of the anterior descending coronary artery may be helpful.
It may be useful to point out that the statement made in the literature that the atria in dextroversion are in normal position is not completely true. It is true vis-a-vis the situs, that is, the left or right sidedness of atria. It is, however, not true vis-a-vis the anterior-posteriority of atria. In atria with normal position, the right atrium is situated to the right and anterior, whereas the left atrium is situated to the left and posterior. In dextroversion, the right atrium is situated to the right and slightly posterior, and the left atrium is situated to the left and slightly anterior. Thus, the position of the atria in the latter is such as would be obtained if the atria were pivoted around horizontally clockwise, looking in a direction caudad, so that they are almost side by side.
The embryologic aspects of dextrocardia have been dealt with by De la Cruz and associates,43 Van Praagh and associates34 and Circulation, Volume XXXVII, June 1968 Shaher and associates.42 It is our impression that the forces responsible for the normal shifting of the apex to the left from its more or less midline position in an earlier stage, and hence the disturbance of such forces in dextroversion, are as yet unknown. Likewise, the basic factors responsible for situs solitus, and the disturbance, therefore, of such factors in situs inversus, have yet to be elucidated to explain mirror-image dextrocardia. Finally, still unexplained are the basic factors responsible for the genesis of the so-called "L-bulboventricular"-loop instead of the normal "Dbulboventricular"-loop in mixed dextrocardia with "pivotal" atria.
From the standpoint of the flora of complexes found in each type of dextrocardia, it would appear that no specific complex tends to occur in dextroversion and mirror-image dextrocardia. However, it should be pointed out that the three cases in this series with juxtaposed atrial appendages all had dextroversion or presumed dextroversion with transposition complexes. None of the other types of dextrocardia had this peculiar anomaly of the atrial appendages. The suggestion that there is isolated truncal inversion in case no. 34 is in keeping with the whole concept of inversion of isolated segments of the heart, and is dealt with in another communication." Mixed dextrocardia with "pivotal" atria tends to be accompanied by inverted transposition with ventricular septal defect and pulmonary stenosis or atresia. This may take the form of a straddling aorta and conus with pulmonary atresia. Likewise, in the presence of asplenia, there is a tendency for the occurrence of various degrees of inverted transposition associated with mitral and pulmonic atresia or with common A-V orifice. The association of endocardial cushion defects with trunco-conal malformations in abnormalities of the spleen is well known. 17 The absence of a coronary sinus in the presence of two superior venae cavae, each entering a respective atrium, may be anticipated from embryologic data concerning the absorption of the sinus venosus into the right atrium. It must be pointed out, however, that there are exceptions to this rule (case 20). Conclusions 1. Dextrocardias may be classified as dextroversion, presumptive dextroversion, mirrorimage dextrocardia, presumptive mirror-image dextrocardia, mixed dextrocardia, and dextrocardia, type undetermined.
2. There is in most cases concordance between visceral and atrial situs. Splenic abnormalities tend to make the situs of both viscera and atria indeterminate.
3. There are no specific complexes characteristic of dextroversion and mirror-image dextrocardia. Mixed dextrocardia is frequently characterized by inverted transposition, ventricular septal defect, and pulmonary atresia.
4. From the clinical point of view, the anatomic data most useful in determining the identity and the position of chambers are (a) the site of entry of the inferior and of a solitary superior vena cava for the determination of atria; (b) the course of the anterior descending coronary artery with or without transposition for the determination of ventricles; (c) the course of the pulmonary trunk when there is no transposition, for the identification of ventricles; (d) the position of the aortic and pulmonic annuli when there is transposition and both of these orifices are patent, for the identification of ventricles.
